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Abstract 
The extension of the latent transition analysis (LTA) to include continuous latent variables by incorporating a mixture Rasch 
(item response theory) measurement model (MRM) is applied in the three-time point measurements of students’ model of 
mathematic achievement affecting by student factors in this study. The two objectives in using the latent transition analysis with 
a mixture Rasch (item response theory) measurement model (LTA-MRM) are a) to study the three time measures of latent 
mathematic achievements and their transitions including the probability of those three transitions, and b) to study the effects of 
the dynamic student factors measuring 3 times on the student latent mathematic achievements and latent transitions. This study 
employs the student factors, consisting of types and duration of activities, as independent variables and the the latent transition 
analysis results, consisting of the latent mathematic achievement and  latent transition, as dependent variables. The three sets of 
reliable and valid multiple choice tests are administered to the sample consisting of 217 grade 7, 8 and 9 students, Chulalongkorn 
University Demonstration Secondary School, and the Mplus computer program is used to estimate the LTA-MRM. The major 
findings are , a) the effects of student factors on latent mathematic achievements and their transitions varied, each round of 
measurement; with student factors, in the second round, having the highest transition probabilities of moving latent class; b) the 
student factors affect latent mathematic achievements and their transitions in all three rounds of measurement. Furthermore, the 
latent transition analysis results using LTA-MRM shed light on students grouping according to their latent abilities, the 
characteristics of each latent student group, and the latent transition model for  each student. 
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1.Introduction 
According to their research by Cho Cohen & Kim (2010), proposed the latent transition analysis with a 
mixture Rasch model (LTA-MRM) and applied to a simulation study and a real data to study the mathematics 
instruction intervention effect, the result was good except for small sample size- short test conditions. In conclution, 
the LTA-MRM could clearly detected the intervention effects and enabled them to consider the heterogeneity in the 
intervention and to assess the intervention effects over time. However, since their study included no causal factor, it 
is quite interesting to apply the LTA-MRM in examining the real data set causal factor. 
LTA-MRM is a simple mixture item response theory (IRT) measurement model (mixed IRTM) into the 
LTA, using Rasch model instead of the IRT (Cho, Cohen & Kim,2010) The MixIRTM helps examining the variance 
of variables within classes which will later be used in the study of continuous unobserved variables, whereas the  
Mixture Rasch Model (MRM) enables the researchers to examine the quantitative difference in characteristics 
concerning the responses among latent classes. Incorporating the MRM into the LTA to develop the LTA-MRM, it 
will therefore be valid in measuring the variance occurring within unobserved variables, and examining the results 
caused by treatment within latent classes, and the proportion of the transition of latent students. The analysis further 
points out what time students change from one group to another most, and when the time at which students change 
groups is examined, the factors causing such transition can be determined.  
2. Objective 
The two objectives in using the latent transition analysis with a mixture Rasch (item response theory) 
measurement model (LTA-MRM) were a) to study the three latent mathematic achievements and their transitions 
including the probability of those three transitions, and b) to study the effects of student factors as well as the 
organizing activities on the student latent mathematic achievements and latent transitions. 
3. Literature relevant to the study 
 In order to draw the conceptual framework in accord with the two research objectives, the researcher 
present the literature review in evolution of LTA-MRM, selection of the outcome and the student factors in this 
study and the conceptual framework as follow: 
 Based on Cho, et al (2010), LTA-MRM has a long way of evolution, starting from latent class analysis 
(LCA) to factorize the discrete factors into several discrete class assuming to be continuous. Then, latent transition 
analysis (LTA) has been designed to investigate the stage-sequential change of those classes over time. LTA 
becomes more popular among educational and psychological researchers when it extend to include the mixture item 
response theory (mixed IRT) resulting in “the latent transition analysis with a mixture item response theory 
measurement model (LTA-MixIRTM)”, and a similar model of “a hybrid transition model” created by Muthén in 
2008. Finally, the Rasch model is in corporate and resulting in “the Latent transition analysis with a mixture Rasch 
model (LTA-MRM)” which can be analyze using Mplus. 
Regarding the related research review on the LTA-MRM, the researchers have retrieved, studied and 
learned that there are only a few research, all of which have mainly been conducted either by Cho, S. J. and others, 
or others with Cho as a co-researcher. The paper by Cho, et al (2010) is the one that proposes the LTA-MRM and 
presents its complete application to both simulated and real data of the three-time repeated measured of the 
mathematics achievement to determine the effects of an instructional intervention without any intervention. The 
other papers are only employ partial part of the complete LTA-MRM analysis. They consist of the paper by Sun Joo 
& Cho (2010) using MixIRTM in comparing item profiles across different latent groups; Cosden, et al (2014) using 
only LTA; Nylund-Muthén (2007) using LTA with covariate in stability and instability of peer victimization; and 
Nylund, Gibson, et al. (2014) using LTA and a growth mixture model.      
Concerning the research related to this study, Bray, Lanza & Collins (2010); Cho et al. (2009); Cho et al. 
(2010); Compton et al. (2008); Connell et al. (2008); Guo et al. (2009); Humphreys and Janson (2000); and Nylund 
& Muthén (2006). Those study revealed that the transition of latent class occurred from various interruptive activity 
factors, depending on the variables studied, and the transition patterns together with the probability of such 
transition could explain the different degree of those interactive activities. 
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Being an instructor at the Chulalongkorn University Demonstration Secondary School, students’ 
mathematics achievement and transition are quite necessary for the “learner centered instruction”. Since there are no 
research using LTA-MRM on mathematics achievement yet, the aforemention decision lies mostly on implicit 
experiences, and plenty of research explicitly indicate the necessity of improvement of students’ mathematics 
achievement. (The Institution for the Promotion of Teaching Science and Technology (IPST), 2002). 
Regarding the selection of factors affecting academic achievement, There are ample research evidences 
studying different factors affecting students’ academic achievement. Those research had been conducted by Gagné 
& Brigge (1979), Gonzalez-Pienda et al. (2002), Hagedorn et al. (1999), Cheuarattanapongsa (1987), 
Meuadthaisong (2000), Treffinger et al. (2007),  and the Institution for the Promotion of Teaching Science and 
Technology (IPST) (2002). The factors affecting academic achievement from the research can be divided into 5 
groups: teacher, student, school, parent, and social variables with student and teacher factors show stronger 
determination effects on achievement. However the student factors are mostly measured in term of the static 
background knowledge, social background, and demography and exclude dynamic activity characteristics and time 
spent on revision even in studying repeated measures of achievement. Among a few research study are activity 
related to student factors and obtain significant results are those studying frequency of revision homework by 
Vichiranont (2006), time spent on assignments and test preparation by Lerdnuwat (1995), lack of continuation of 
learning and the time spent studying by Boonterm (1995). As a result, time and duration of student activity are 
selected for this study. 
Aiming to study the change or transition of mathematics achievement at the minimum three measures 
(Muthén & Muthén, 1998-2006; Wiratchai,1999), as the consequences of a set of three measures of student factors. 
The conceptual framework of this study is presented in the following figure:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Research Conceptual Framework 
 
Additionally, two hypotheses have been proposed in this study. They are 1) the student factors (types and 
duration of activities organized within schools) affect student mathematical achievements as well as their transitions 
of mathematical achievement in three rounds of measurement; 2) the analysis results of LTA-MRM provides 
information on the division of classes according to latent abilities, characteristics of each latent class, and patterns of 
each student’s transition of latent class, including the explanation of how the student factors have influenced the  
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latent classes and their transition, using the LTA-MRM. 
4. Research Method 
This research is a longitudinal single group, three-time repeated measured experimental design.  The 
population consists of 703 students studying Mattayomsuksa 1, 2, and 3 (equivalent to grades 7, 8, and 9 
respectively) at Chulalongkorn University Demonstration Secondary School in the second semester of Academic 
Year 2014. To derive a homogenous group of students, sample consists of 217 Mattayomsuksa 2 (equivalent to 
grade 8) students, purposively selected from the population.  Two reasons underlying this purposive selection are a) 
the Mattayomsuksa 1 student group has just entrance and still in the process of adaptation, and b) the 
Mattayomsuksa 3 student group concerns more on preparing for the Ordinary-National Educational Test (O-NET).  
The researcher assign the single sample group to experience studying mathematics couple with 
participation in school activities from March 2014 to February 2015. Consequently, the students have to manage 
their time for studying as well as planning, preparing, organizing, participating, and evaluating in school activities.      
The variables used in this study consist of three-measured latent mathematics achievement and three latent 
transitions as dependent variables, and the student factors as the independent variable or intervention. The 
researchers define mathematics achievement variable as the student competency in mathematics, measured by  a 
multiple choice assessment test in mathematics with 4 alternative choices. The  mathematics test consists of 25 test 
items, dividing into 3 parallel sets  in terms of their item specification, each of which measures different contents 
due to different three timing  of measurements. The content covered in the mathematics assessment test consists of  
elements of a) perception of numbers and execution of numbers, b) perception of measurement, c) perception of 
mathematical problem solving, and d) perception of communication in mathematical context. The three sets of 
parallel tests consisting of 3 types of tests based on the number of elements measuredas follows: a) 16 items 
measuring only one element, b) 6 items measuring two elements,   and c) 3 items measuring three elements. The 3 
assessment tests are then examined for the face and content validity by five experts in the educational measurement 
field. The item analysis results reveal the range of the difficulty levels from 0.28 to 0.68, and the discrimination 
values from .30 to .72. The reliability values measured by KR-20 formula range from 0.72 to 0.88, and the validity 
derived from the confirmatory factor analysis results in terms of the fit statistics range from the lowest set of Chi-
Square = 3.49, df = 1, p = .06, GFI = .86, AGFI = .77, and RMR = .012, to the highest set of Chi-Square = 3.53, df = 
1, p = .06, GFI = .97, AGFI = .76, and RMR = .006, respectively. 
The researchers define the student factors as a set of two school activities organized for the students during 
the two periods of three-time measurement as follows: In December, 2014,  the students were assigned to organize 
Satit Samakee, a sports event held annually among Thai demonstration schools all over the country. The students’ 
responsibilities involved creating cheering stands and supervising cheering staff including practicing and rehearsal. 
In February, 2015 the students were assigned to organize the Student Council election, an event which also required 
these students to organize and participate in election. These two projects were managed by the students charging 
with their responsibilities to accomplish the events, and they had to spend a considerable amount of time doing these 
activities. The student factors are measured from type and duration of activities, categorized into dichotomous 
variable with a code of 1 = partial activity participation for less than 18 hours per week, and 2 = full activity 
participation for 18 hours per week. 
 In data collection design, students were firstly assigned to organize two school activities: the Satit Samakee 
proect in December, and the Student Council election project in February, and studied mathematics following the 
content topic. The researchers collected three measurements of data using  the three-set mathematical assessment 
tests administered in March 2014, January 2015, and March 2015 respectively.  
In data analysis design, the analysis plan starts with the preliminary analysis to compare the different in 
mathematic achievements across three periods, using descriptive statistical analysis and ANOVA. Next is the 
application of exploratory factor analysis to determine the appropriate number of classes for each round of 
measurement using Program R. Thirdly, employing LTA-MRM to obtain the latent classes; transition patterns, each 
of which reveals counts and proportions of student; and transition probabilities for each of the transitions between 
two classes.   
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5. Findings      
The preliminary analysis results, using SPSS to examine the effects of student factors (participation in 2 
types of school activity) on mathematic achievement, indicated that a) at time 1, those students, having full 
participation, had lower mean and standard deviation ( x = 14.75, sd = 4.12) than those of students with partial 
participation ( x =18.54, sd = 3.27); b) at time 2, those students, having full participation, had lower mean and 
standard deviation ( x = 14.84, sd = 2.15) than those of students with partial participation ( x = 18.47, sd = 5.23); 
and c) at time 3, those students, having full participation, had lower mean and standard deviation ( x = 14.96,  
sd = 3.21) than those of students with partial participation ( x = 19.35, sd = 4.02). All three comparisons indicated a 
significant difference at .05. It is noteworthy that the increment of means for each group between 2 time points are 
quite small.  
The LTA-MRM used in this study begins with the exploratory analysis to determine the number of classes 
suitable for each round of measurement using Program R, the result of which indicated that the number of latent 
classes which provided the best fit to the data, was 2. 
The preliminary analysis of the of mathematical achievement tests used as the tool in this study revealed 3 
types of the assessment: a) test items measuring one element : there are 2 test items (items no.2 and 4), the 
perception of mathematical problem solving, and 2 test items (items no.9 and 12), the perception of communication 
in mathematical context b) test item measuring two elements, there are 4 test items (items no.15, 16, 20, and 22) out 
of 6 items (items no. 11, 13, 15, 16, 20, and 22): and c) test items measuring 3 elements, there are 3 items (items 
no.23, 24, and 25). From this assessment test, it can be seen that the majority of students in Class 1 received marks 
from those items while the majority of students in Class 2 did not, as it is shown in Figure 2: 
 
 
Fig. 2.  Marks gained by Class 1 and Class 2 students 
 
Following the examination of the assessment test of mathematical achievement, it revealed that the items 
the students in Class 1 (the low achievement class) got the wrong answer were mostly those measuring 2 and 3 
elements concerning the perceptions of mathematical problem solving and communication in mathematical context. 
However, the two classes did not differ in their achievement on the items measuring one element either of the 
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perception of numbers, or the execution of numbers. Those items consisted of items were no. 11 and 13, which were 
fairly easy (the difficulty levels = 0.68 and 0.64 respectively). In addition, the students in Class 2 scored higher than 
their Class 1 counterparts in every round of measurement.  
The LTA-MRM analysis results indicated the proportions for 8 transition patterns derived from the change 
in classes among 3 time point as follows: For descriptive statistics, the number of students decreased their means 
and standard deviation of achievement increased from n = 102, x  = 0.26 and sd = 0.45 in time 1; n = 95, x  = 0.87 
and sd = 0.53 in time 2; n = 88, x  = 0.76 and sd = 1.12 in time 3 respectively. The proportions and counts for each 
transition pattern are shown in the following table: 
Table 1. Proportions and counts for each transition pattern 
Pattern Count    Proportion  Group 
111 9 .041 C 
112 11 .051 A 
121 37 .171 B 
122 7 .032 A 
211 61 .281 D 
212 28 .129 B 
221 47 .217 D 
222 17 .078 C 
 
The transition patterns 112 and 122 represent the group of students who continuously progress in their 
achievement of through time (group A) with the proportion of .051 and .032 which are rather small. The pattern 121 
and 212 represent the fluctuation group (group B) with higher proportion of .171 and .129. The pattern of 111 and 
222 represent the steady pattern of achievement (group C) with small proportion of .041 and .078. Finally, the 
pattern indicating regression of achievement (group D) in 211 and 221 with the highest proportion of .281 and .217 
respectively. It implies that those abler students lost their balance between leading and working to accomplish the 
activities. 
Since the proportions of the transition of Patterns 111, 112, 211, and 222 are small, the researchers 
therefore, apply the repeated measures analysis of variance to Patterns 121, 211, 212, and 221. The result indicates  
that the interaction effect between time and group for transition pattern is significant at probability less than 0.01  
(p < .01), showing that organizing activities affects the transition of latent class in mathematical achievement. In 
Pattern 211, having the highest proportion of changing latent class (.281) signifies that the activity having the strong 
is Satit Samakee, whereas in Pattern 221,being the second highest proportion of changing class (.217), signified that 
the activity having strong effects is the Student Council election. 
The transition from the two classes (1 and 2) in time 1 to in time 2 including their transition probabilities 
are presented in a two by two table as follows: 
Table 2. Transition probabilities of each latent class 
                                        Time2  
Time 1  Latent Class Latent Class 
Latent Class          1          2 
         1          .465         .535 
         2          .846         .154 
   
       Time 3  
Time 2 Latent Class Latent Class 
Latent Class          1           2 
        1          .515           .485 
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        2          .765           .235 
The two highest transition probabilities were the transition of those from the latent class 2 in time 1 to class 
1 in time 2 (.846), and from the latent class 2 in time 2 to class 1 in time 3 (.765) which showing a decreasing 
amount of transition. Those results indicated  2 issues: a) the school activities during that period absorbed more 
engagement of the smart students and minimize their achievement which might be due to loosing the balance 
between studying and participating in the school activities, and b) the school activities during the period 2-3 might 
either require less time of students, or those smart students know how to effectively manage their time and keeping 
balance. The results therefore show that the activities organized by students affect the transition of latent class of 
mathematic achievement. It is noteworthy, though, that if we can identify the students who transit in both periods or 
only one period, then more information concerning the effects of activities will be much more clarified.  
6. Discussion 
 This research confirms the hypotheses, and the LTA-MRM analysis results not only shows the transition of 
latent classes but also facilitates the study of what time the organizing activities have most effects on the transition 
of latent class, which consequently yield information on student factors which involve what types of activities most 
affect the transition of latent class concerning academic achievement.  
There are four aspects worth discussion for the sake of implication, recommendation and limitation of this 
study as follows: The two research hypotheses confirmation can be explained by the effectiveness of LTA-MRM 
analysis process.  
In this research the significant contribution lies in the long-term data collection of academic achievement , 
grouping as latent class in order to identify the ability levels of students who change groups or transition over time. 
The effective use of the analysis of the transition of latent class requires the identification of  the factors enabling 
students to change groups. Therefore it is worthwhile to study student factors affecting the transition of latent class 
involving academic achievement. This research result differs from the study of factors affecting a single 
measurement of academic achievement with the greater amount of time and careful effort to collect valid repeated 
measures of causal and outcome variables for the analysis of causal factors. The better accurate results than the 
those from the single measured data. 
Considering the repeated design studying the effects of the student factors (N) affecting academic 
achievement (DV), the structure of which can be a) a single measure of IV and DV, b) a single measure of IV and 
multiple measure of DV, the case of factors affecting the improvement or change in DV’s, and c) a multiple measure 
of IV’s and DV’s: the case of latent class of factors affecting the latent class and transition of DV’s. Whereas the 
first two designs can be analyzed by SEM, LCA, or traditional SEM, last one the specifically requires an 
innoventive analysis design of LTA-mixIRT or LTA-MRM. 
The contribution of this study over the pilot paper by Cho, et al (2010), lies on the practice of intervention 
in the experiment. Different type of two activities enable the LTA-MRM analysis running fully and revealing clear 
and concise findings. However, there are still more ways to improve further the LTA-MRM analysis process, for 
example, to incorporate covariate as conduct in the paper on LTA by Humphry & Johnson (2000); to include more 
relevant causal factors or mediators as suggested in any SEM analysis; and to extend the measurement to more that 
the 3 time points, with or without well design interventions, in order to gain more information on students’ learning 
behavior patterns. 
Individuals utilizing of this analysis results will also be benefit from the derived information as the 
foundation to design activities suitable for students so that their academic achievement will either not be lowered or 
be increased as planned. In addition, this analysis is suitable for the examination of the results obtained from the 
treatment in order to determine what time period such treatment affects the transition of latent class (Cho et al., 
2010). 
Regarding limitations of this study which cannot be avoided as follows: a) Researcher should be careful on 
loosing subjects, or missing data during the repeated measured data collection and try to prevent rather than to solve 
the problem; b) There should be some other ways to select the appropriate number of classes necessary to employ 
LTA-MRA analysis besides program R. Another option is to analyze using  different number of classes, and 
compare the results in order to seek for the best one; c) The risk occur because of the violation of assumptions of 
random sampling should be reconsidered as well. 
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One more additionally discussion from the preliminary analysis is the item characteristics measuring 
mathematic achievement used in this study in LCA, the items that can best classify the smart students from the poor 
ones are those require more than one element or skills. Consequently, in the development process of learning and 
instruction, there must be a teacher development program to improve their assessment, test and evaluation skills 
sufficient enough to construct the test capable to effectively classify their students.   
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